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Abstract
Laboratory studies were conducted with Dichelops furcatus (F.), Euschistus heros (F.), and Nezara viridula (L.) 
(Heteroptera: Pentatomidae) aiming to evaluate nymph and adult biology and adult preference for immature 
reproductive structures of the cultivated plants, soybean, Glycine max (L.) Merrill (Fabaceae), wheat, Triticum 
aestivum L. (Poaceae), and canola, Brassica napus L. var. oleifera (Brassicaceae). Considering the survivorship for 
D. furcatus nymphs, it was greater on soybean and wheat, for E. heros nymphs it was greater on soybean compared 
to canola and wheat, and for N. viridula nymphs the survivorship was greater on soybean and canola. Dichelops 
furcatus nymphs developed faster on soybean and wheat, and E. heros and N. viridula nymphs developed faster 
on soybean and canola. Body weight at adult emergency for D. furcatus was greater on soybean and wheat, and 
for E. heros and N. viridula, it was greater on soybean. Adult survivorship and longevity were similar on soybean/
wheat/canola for D. furcatus and N. viridula, and greater on soybean for E. heros. Reproduction and weight gain 
of adults were greater on soybean and wheat for D. furcatus, and on soybean for E. heros; N. viridula reproduced 
only on soybean and tended to gain greater body weight in this food source. As expected, soybean considering its 
superior nutritional quality was, in general, the best food. These laboratory studies coupled with field observations 
allow to conclude that the sequence of soybean/wheat/canola crops in the area studied forms a ‘green bridge’ that 
favor stink bug populations abundance in southern Brazilian neotropics.
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Stink bugs (Pentatomidae) are traditionally known as pests of sev-
eral crop plants all over the world (McPherson and McPherson 
2000, Panizzi et al. 2000). In the southern part of the neotropics, 
three species are known to colonize crop plants, among others: the 
so-called (in Brazil) green-belly stink bug, Dichelops furcatus (F.), 
the Neotropical brown stink bug, Euschistus heros (F.), and the 
Southern green stink bug, Nezara viridula (L.). On soybean crop in 
Brazil, stink bugs are responsible for more than US$600 million of 
yield loss per year (CEPEA/ESALQ and ANDEF 2017); regarding to 
wheat and canola no data is available.
Dichelops furcatus is known from a long time as a secondary 
pest of soybean, Glycine max (L.) Merrill (Fabaceae) in the neo-
tropics (Galileo et  al. 1977, Panizzi et  al. 1977). Recently, it has 
been found feeding on seedlings and on seed heads of several species 
of spring cereals (Poaceae) (Panizzi et  al. 2018). For example, on 
wheat, Triticum aestivum L.  plants, besides seedlings, it may feed 
during booting and/or milk-grain stage development resulting in dis-
colored seed heads and undeveloped and malformed grains (Panizzi 
et al. 2016). During the summer months, in addition to soybean, it 
feeds on maize, Zea mays L. (Poaceae) seedlings (Roza-Gomes et al. 
2011). Moreover, its adaptability to survive on the soil under crop 
residues of no-tillage cultivation systems (Panizzi et al. 2015) has fa-
vored the growth of populations, demanding chemical control, par-
ticularly early in the season on maize. Recent surveys in southern 
Brazil have indicated its presence on canola Brassica napus L. var. 
oleifera (Brassicaceae) as the second most abundant species of penta-
tomid, among several others (Bianchi et al. 2019).
Euschistus heros is, by far, the most abundant stink bug pest in 
the neotropics, particularly on soybean in Brazil. It feeds on several 
species of plants, cultivated and noncultivated, mostly on legumes 
(Fabaceae); and it has been found colonizing or simply associated 
with over 20 plant species (Smaniotto and Panizzi 2015). Despite 
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its polyphagous habits, no published record on Poaceae was found. 
However, its occurrence feeding on maize seedling in relatively great 
numbers has been observed in the field (Adeney de Freitas Bueno, 
personal communication to A.R.P.). In a recent survey, in southern 
Brazil, E.  heros was found to be the most abundant species on 
canola, among 27 species of pentatomids recorded (Bianchi et  al. 
2019).
The cosmopolitan N. viridula is the most polyphagous species 
compared to the former two species. Despite its extreme polyphagy, 
it shows preference for plants in the Fabaceae and Brassicaceae 
families (Todd 1989). In the neotropics, considering cultivated 
and noncultivated plants, some 70 plant species from 19 families 
are recorded as hosts or associated plants (Smaniotto and Panizzi 
2015). Nezara viridula has been reported as a traditional pest of 
soybean worldwide, however, its importance has decreased in recent 
years, at least in the Americas (Panizzi and Lucini 2016). On wheat 
plants, N. viridula is reported only occasionally in the neotropics, 
and nymphs apparently are unable to colonize wheat plants (refs. in 
Smaniotto and Panizzi 2015). However, on canola is reported as the 
third most abundant species, among the 27 species of pentatomids 
found associated with this crop in southern Brazil (Bianchi et  al. 
2019). Considering the three species of stink bugs and the three spe-
cies of cultivated plants grown in this area, during most part of the 
year, they may form a ‘green bridge’ that links these food sources, 
which could maintain and increase populations of these pest species, 
particularly during the warmer months of spring/summer.
Therefore, in this study, we aimed to evaluate for D.  furcatus, 
E. heros, and N. viridula: 1) nymph developmental time, survivor-
ship, and body weight at adult emergence; 2) adult survivorship and 
total longevity, reproductive performance, and body weight gain; 
and 3) adult preference for the immature reproductive structures of 
the three crop plants tested, that is, soybean, wheat, and canola.
Materials and Methods
Stink Bug Colonies in the Laboratory
During May/June 2018 nymphs, and adults of D. furcatus, E. heros, 
and N. viridula were field collected from different crop plants at the 
Embrapa Wheat Field Experiment Station, located in Passo Fundo 
Co, Rio Grande do Sul state, Brazil (latitude 28°15′46″S, longitude 
52°24′24″W). Nymphs and adults were taken to the laboratory 
and placed in plastic rearing cages (25 × 20 × 20 cm) with the floor 
lined with filter paper. They were fed with a mixture of green bean 
pods, Phaseolus vulgaris L., raw shelled peanuts, Arachis hypogaea 
L.  (Fabaceae), and mature seeds of soybean of unknown varieties 
since they were commercially obtained. Cages were kept in a lo-
cally built (no trade mark available) walk-in chamber at 25 ± 1°C, 
65 ± 10% relative humidity, and L14:D10 hours. photoperiod at the 
Embrapa Wheat Laboratory of Entomology.
Commercial cotton balls and toilet paper were provided as egg 
substrates. Egg masses obtained were placed inside plastic boxes 
(11 × 11 × 3.5 cm) with the floor lined with filter paper. Nymphs 
were reared to adults in the walk-in chamber on the mixture of 
above foods provided. Egg masses obtained from the laborato-
ry-reared adults were used for the nymphal study, and additional 
nymphs that reached the adult stage, were used for the adult study. 
The nymph and adult studies in the laboratory were conducted from 
August 2018 to March 2019.
Potted Plants Cultivated in the Greenhouse
Seeds of soybean cv. ‘BRS 5601’, wheat cv. ‘BRS Reponte’, and 
canola cv. ‘Hyola 575 CL’ were biweekly seeded in pots (2 liters) 
in the greenhouse from June 2018 to February 2019. These culti-
vars where chosen because they are commonly cultivated in the area 
where the study was carried. For the nymph and adult studies, soy-
bean pods were used at the R5 stage (pod-filling stage) (Fehr et al. 
1971); wheat seed heads were used at the R11.1 stage (milk grain 
stage) (Large 1954); and canola siliques were used at the R5 stage 
(siliques filling) (Edwards and Hertel 2011). To allow proper plant 
development, soybean potted plants were cultivated in a sunnier and 
warmer compartment of the greenhouse, while wheat and canola 
plants were placed under a shaded area, and a blower was used to 
provide cool air. Range of monthly means of environmental condi-
tions during the study period was temperature 11.7–23.3°C, rela-
tive humidity 65.4–83.3%, and 10.2–13.6  h. photophase (source: 
Embrapa Wheat – Meteorological Information. http://www.cnpt.
embrapa.br/pesquisa/agromet/app/principal/agromet.php).
Nymph Biology Study
Developmental time and survivorship
For this study, nymphs on the first day of the second instar (first instars 
stay in-group and do not feed) obtained from egg masses from the la-
boratory colony were placed in plastic boxes (11 × 11 × 3.5 cm) lined 
with filter paper. The following food sources were tested: soybean 
pods at the grain filling stage (ca. three pods in a small branch-cut), 
wheat seed heads at milk grain stage (one seed head/box), and canola 
siliques at the grain filling stage (ca. five siliques in a small branch-cut/
box). For each species of bug (D. furcatus, E. heros, and N. viridula) 
and food, 10 nymphs were placed inside a respective box and repli-
cated five times totalizing 50 nymphs/food source/bug species. Short 
plant cuts (stems/branches) with seed heads, pods, and siliques were 
wrapped with wet cotton to keep freshness and placed in plastic lids 
inside the boxes. The food and filter paper in each box were changed 
every 2 d. When doing this, nymphs on food/paper were carefully re-
moved using an artist’s paint brush and placed on top of the new fresh 
food provided avoiding been hurt. The boxes were placed at random 
in an environmental chamber maintained at 25 ± 1°C with 65 ± 5% 
RH and a photoperiod of 14  h. Daily observations were made on 
molting and mortality. Nymph developmental time and percentage of 
mortality from second instar to adult were calculated.
Fresh body weight at adult emergence
The day nymphs reached the adult stage, they were sexed and had 
their body weights recorded using an electronic balance (Mettler 
Toledo MS 3002S/A01, Barueri, SP, Brazil). Mean body weight was 
calculated for females and males obtained from each bug species and 
food source.
Adult Biology Study
Adult survivorship, total longevity, and reproduction
From the stink bug colonies maintained in the laboratory, on the 
day of emergence, adults of each of the three species (D. furcatus, E. 
heros, and N. viridula) were separated and female/male pairs were 
individually placed in plastic rearing box (11 × 11 × 3.5 cm) lined 
with filter paper. Adult performance was evaluated on the following 
foods (n = 10 pairs for each species and food): soybean pods at the 
grain filling stage, wheat seed heads at milk grain stage, and canola 
siliques at the grain filling stage. The boxes were placed randomly in 
an environmental chamber maintained at 25 ± 1°C and 65 ± 5% RH 
with a photoperiod of 14L:10D hours.
Daily observations were made to determine females and males’ 
survivorship up to 40 d, total longevity, and reproduction (%  fe-
males that laid eggs, preoviposition time, egg masses, and total eggs 
laid).
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Fresh body weight
Adults (females and males) from the three food sources tested had 
their weight measured at the emergence day and after 4 wk of adult 
life. The percent fresh adult body weight change of females and 
males was calculated and compared over the total time (4 wk). For 
analysis, fresh body weight change was calculated considering both 
males and females together.
Adult Preference Study
Olfactometer test
To assess the stimuli of volatiles released by plants on stink bug 
preference, a two-choice ‘Y’ type glass olfactometer was used. This 
consists of two arms with 20  cm long and 3  cm diameter with a 
60-angle between them and a leg (20  cm) long. At each arm, an 
air tube was connected and this one was connected individually in 
a chamber where the plant to be tested was placed. The insect to 
be tested was released in the beginning of the leg (release point), 
where another air tube, linked with a vacuum pump (MA-057/1, 
Marconi Equipamentos para Laboratório, SP, Brazil), was con-
nected. Charcoal-filtered humidified air was drawn through the 
system at a flow rate of 0.8 l/min regulated by acrylic flowmeters 
(Key Instruments, Pennsylvania). Observations were made in a 
closed room kept at 25 ± 2°C with continuous artificial light.
Stink bugs (ca. 2 wk old and matted) were separated from the 
laboratory colony and were starved for 16 h prior to the tests. After 
that, a single individual of D. furcatus, E, heros, or N. viridula was 
carefully introduced into the release point of the Y tube using an 
artist’s paint brush. The comparisons one by one were: soybean pods 
at the pod-filling stage versus wheat seed heads at the milk-grain 
stage; soybean pods versus canola siliques at the grain filling stage; 
and wheat seed heads versus canola siliques. Small cuts (ca. three) of 
branches of soybean carrying reproductive structures, of immature 
wheat seed heads, and of canola siliques were placed inside small 
glass jars (100  ml) containing water, and then used in the olfact-
ometer bioassay. For each comparison, 50 replicates (insect) were 
used. Each comparison was conducted in a day period, starting at 
9 am. Plant structures were replaced at each day when comparisons 
were run.
Insect choices were recorded up to 10 min after its release in the 
system. We considered a positive answer when the bug moved at 
least 5 cm past the Y junction.
After each comparison, the apparatus was cleaned with neutral 
liquid soap, rinsed thoroughly with water, alcohol 99% and acetone 
and then dried in a heat chamber at 70°C to be used again.
Cages (Bugdorm) test
To test the preferences of D. furcatus, E, heros, and N. viridula for 
the different immature reproductive structures of soybean, wheat, 
and canola, dual comparisons (i.e., structures of two different plant 
species) were conducted using cages (30 × 30 × 30 cm) with bottoms 
lined with filter paper. Four vials (10.0  × 4.5  × 2.0  cm diameter) 
(i.e., two for each food source were compared) containing water and 
short plant cuts (stems/branches) with wheat seed heads at the milk-
grain stage, soybean pods at the pod-filling stage, and siliques at 
the grain filling stage. They were placed alternatively in the corners 
of each cage. Vials were topped with aluminum foil to avoid water 
evaporation. The following comparisons were tested: soybean pods 
versus wheat seed heads; soybean pods versus canola siliques; and 
wheat seed heads versus canola siliques.
One adult D. furcatus, E. heros or N. viridula (either female or 
male) was released in the center of each cage. After 24 h, twice daily 
observations were taken (9:00 AM and 4:00 PM) for 5 d, and the 
location of the bugs on one of the food sources were recorded. Each 
dual comparison was replicated four times (four cages) for each 
bug species. The number of observations per comparison per bug 
species totaled 40 (4 cages × 2 observations × 5 d). The percentage 
values of the preferences for the reproductive structures tested were 
calculated.
Statistical Analysis
Data on the nymph and adult biology were previously submitted to 
the Bartlett test to check for homogeneity of variances (P < 0.05); 
when necessary, data were transformed to attend the prerequisites 
of analysis of variance as indicated in the figure legends; means were 
separated using the Student t-test or the Tukey test (P < 0.05).
Data on the preference ratios (%) of adults between the imma-
ture reproductive structures of soybean, wheat, or canola in the dual 
comparisons using the olfactometer, or the bugdorm cages were 
compared using Pearson’s χ 2 test (χ 2).
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Fig. 1. Time (mean ± SE) of nymph development (from second instar to adult) 
of Dichelops furcatus, Euschistus heros, and Nezara viridula in the laboratory, 
feeding on immature reproductive structures of cultivated plants. Means (± 
SE) within each bug species and among the three food sources followed by 
the same letter are not significantly different using Tukey’s test, P < 0.05. Data 
for E. heros were transformed using log (x).
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Statistics were performed using the functions available in the 
R software (R Development Core Team 2016), which included 
‘Bartlett.test’ for homogeneity of variances, and ‘aov’ for one-way 
analysis of variance model, in which the dependent variable was the 
analyzed variable, and the independent variables were the different 
plant species for each species of stink bug tested. When applicable, 
means separations were done using ‘TukeyC’ package (Faria et al. 
2018). For data submitted to Pearson’s χ 2 test (χ 2), the ‘chisq.test’ 
function in the R software was used.
Results
Nymph Biology Study
Developmental time and survivorship
For D. furcatus, mean developmental time from second instar to 
adult was significantly shorter (F = 13.2; df = 2, 78; P < 0.001) on 
soybean and on wheat than on canola (Fig. 1); nymph survivor-
ship to adult was variable, being greater on wheat (70%; n = 35), 
decreasing on soybean to 58% (n = 29), down to 26% (n = 13) 
on canola.
For E.  heros, nymphs took significantly less time (F  =  27.9; 
df = 2, 74; P < 0.001) to reach the adult stage on soybean and on 
canola than on wheat (Fig. 1); nymph survivorship to adult was 
higher on soybean (68%; n = 34) than on wheat (36%; n = 18) or 
canola (38%; n = 19).
Nymphs of N. viridula, developed significantly faster (F = 17.2; 
df = 2, 99; P < 0.001) on soybean and on canola, compared to wheat 
(Fig. 1); nymph survivorship was higher and similar on soybean 
(74%; n = 37) and canola (76%; n = 38) compared to wheat (54%; 
n = 27).
Fresh body weight at adult emergence
For D.  furcatus, nymphs attained significantly greater (females 
F = 5.6; df = 2, 31; P < 0.01, and males F = 9.4; df = 2, 44; P < 0.001) 
fresh body weight on soybean (n = 14 and 17, for females and males, 
respectively) and on wheat (n = 14; 21) than on canola (n = 6; 9); 
for females, no significant differences on body weight were observed 
between wheat and canola (Fig. 2).
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Fig. 2. Body weight (mean ± SE) at adult emergence of female and male 
Dichelops furcatus, Euschistus heros, and Nezara viridula in the laboratory, 
feeding on immature reproductive structures of cultivated plants. Means 
(± SE) within each bug species and gender among the three food sources 
followed by the same letter are not significantly different using Tukey’s test, 
P < 0.05. Data for D. furcatus males were transformed using √(x).
Fig. 3. Survivorship (%) of adult females and males of Dichelops furcatus, 
Euschistus heros, and Nezara viridula up to 40 d, and total longevity feeding 
on immature reproductive structures of cultivated plants. Means (± SE) 
longevity within each bug species and gender among the three food sources 
followed by the same letter are not significantly different using Tukey’s test, 
P < 0.05.
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Euschistus heros nymphs at adult emergence showed significantly 
greater (females F = 26.4; df = 2, 35; P < 0.001, and males F = 22.3; 
df = 2, 31; P < 0.001) fresh body weight on soybean (n = 19, 17) than 
on wheat (n = 6, 10), or on canola (n = 13, 7); on this last two foods, 
males attained similar body weight (Fig. 2).
For N. viridula, nymphs at adult emergence attained significantly 
greater (females F = 9.7; df = 2, 56; P < 0.001, and males F = 3.5; 
df = 2, 40; P < 0.05) fresh body weight when fed on soybean (n = 20, 
17) than on wheat (n = 16; 11); for both females and males no sig-
nificant differences on body weight were observed between wheat 
and canola (n = 23; 15), and between canola and soybean (Fig. 2).
Adult Biology Study
Adult survivorship, longevity, and reproduction
All three species of stink bugs showed high survivorship after 10 d of 
adult life, decreasing thereafter. Dichelops furcatus (mean of males 
and females) survivorship decreased to 60% after 40 d of adult life 
on either of the three food sources tested; total longevity was also 
similar among foods (ca. 42–50 d) with no significant differences 
(F = 0.43; df = 2, 57; P = 0.65) (Fig. 3).
Euschistus heros adult survivorship after 40 d, vary from 70% 
on soybean to 25% on canola; on wheat was 45%. Total longevity 
was significantly longer (F  = 6.1; df = 2, 57; P  < 0.01) (almost 2 
times) on soybean compared to those on wheat and canola, which 
did not differed between them (Fig. 3).
Nezara viridula adult survivorship after 40 d, was the lowest of 
the three species of stink bugs tested, with less than 50% of adults 
alive after this period on either of the food sources provided. Total 
longevity vary from ca. 30 to 38 d, with no significant differences 
(F = 1.3; df = 2, 57; P = 0.28), the bugs only tending to survive better 
when fed on soybean than in wheat or canola (Fig. 3).
The reproductive performance was variable according to the 
food sources and stink bug species. For D. furcatus all females ovi-
posited on soybean, while on wheat and canola this was drastic-
ally reduced. Preoviposition time tended to be shorter on soybean 
compared to wheat; the only one female that oviposited on canola 
(which prevent been included in the statistical analysis) showed a 
much delayed time. Fecundity (number of eggs) was significantly 
greater (tcalc = 2,50; df = 9; P < 0,03) on soybean compared to wheat. 
Considering the number of egg masses, despite over two times 
greater when fed on soybean, it did not significantly differ from 
wheat (tcalc = 1.03; df = 10; P = 0.33) (Table 1).
For E. heros, the majority of females oviposited on soybean and 
on wheat (70%), while only 30% did on canola. The preoviposition 
time was significantly shorter (F = 8.7; df = 2, 14; P < 0.01) on soy-
bean and wheat compared to canola (over 2 times delay). Fecundity 
(number of egg masses and total eggs produced) were significantly 
greater (F = 27.2; df = 2, 14; P < 0.001, and F = 22.0; df = 2, 14; 
P  <  0.001, respectively) on soybean compared to females fed on 
wheat or canola (Table 1).
For N. viridula, despite its extreme polyphagy, females oviposited 
only on soybean (60%), and none did on either wheat or on canola 
(Table 1).
Fresh body weight
The change in adult (females + males) fresh body weight after 4 wk 
of adult life indicated that the different food sources tested vary in 
suitability for the different species of stink bugs. For D.  furcatus, 
adults significantly increased (F = 81.9; df = 2, 29; P < 0.001) weight 
when fed on soybean (n = 8) and wheat (n = 12) compared to those 
fed on canola (n = 12), on which food they lost weight (Fig. 4).
Euschistus heros adults significantly gained weight (F  =  18.6; 
df = 2, 36; P < 0.001) on soybean (n = 18) compared to those on 
wheat (n  =  22) in where they lost weight, and on canola (n  =  8) 
(Fig. 4).
Nezara viridula adults increased in body weight on all three food 
sources they fed on but no significant differences were observed 
among them (F = 1.76; df = 2, 28; P = 0.19) (Fig. 4).
Adult Preference Study
Olfactometer test
Adults of D. furcatus preference tests showed a high and significant 
preference for soybean compared to canola (χ 2calc = 36.0; P < 0.001); 
wheat were greatly preferred than canola (χ 2calc  =  4.0; P  <  0.01). 
However, soybean and wheat were equally preferred (χ 2calc = 0.36; 
P = 0.54) (Fig. 5A).
Adults E.  heros significantly preferred soybean (χ 2calc  =  7.8; 
P < 0.01) and canola (χ 2calc = 43.5; P < 0.001) to wheat; however, 
Table 1. Reproductive performance of Dichelops furcatus, Euschistus heros, and Nezara viridula in the laboratory, feeding on immature 
reproductive structures of cultivated plants
Food % females laying eggs Preoviposition time Number of egg masses Number of eggs
Dichelops furcatus2
Soybean 100 [10]1 14.2 ± 1.6 a 5.8 ± 1.4 a 75.6 ± 19.0 a
Wheat 20 [2] 22.5 ± 8.5 a 2.5 ± 0.5 a 28.0 ± 0.0 b
Canola 10 [1] 45.0 1.0 7.0
Euschistus heros3
Soybean 70 [7] 12.4 ± 0.6 b 12.7 ± 1.9 a 141.3 ± 25.7 a
Wheat 70 [7] 12.7 ± 5.2 b 2.0 ± 0.6 b 19.3 ± 9.3 b
Canola 30 [3] 26.8 ± 3.4 a 2.1 ± 0.4 b 14.6 ± 6.8 b
Nezara viridula
Soybean 60 [6] 25.3 ± 1.9 1.7 ± 0.2 33.8 ± 5.7
Wheat 0 0 0 0
Canola 0 0 0 0
1Initial number = 10; number of females that oviposited in brackets.
2Means (± SE) among the two food sources (soybean and wheat) followed by the same letter are not significantly different using Student t-test, P < 0.05. Only 
one female oviposited on canola, which prevented the data from being included in the statistical analysis.
3Data transformed to √(x) prior to the analysis. Means (± SE) among the three food sources followed by the same letter are not significantly different using 
Tukey’s test, P < 0.05.
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soybean and canola were equally preferred (χ 2calc = 3.2; P = 0.07) 
(Fig. 5A).
Adults N.  viridula showed high and significant preference for 
soybean (χ 2calc = 36.0; P < 0.001) and canola (χ 
2
calc = 10.2; P < 0.001) 
compared to wheat; and soybean and canola were equally preferred 
(χ 2calc = 1.4; P = 0.23) (Fig. 5A).
Bugdorm test
The dual preference tests using cages (bugdorm type), in general, 
indicated similar results to the preference tests conducted using the 
olfactomer. For D. furcatus adults, a high and significant preference 
for soybean compared to wheat (χ 2calc = 16.0; P < 0.001) or canola 
(χ 2calc = 46.2; P < 0.001); for these last two food sources, wheat was 
greatly preferred than canola (χ 2calc = 25.0; P < 0.001) (Fig. 5B).
For E.  heros, adults highly preferred soybean to wheat 
(χ 2calc  = 77.4; P < 0.001) or canola (χ 
2
calc  = 51.8; P < 0.001); this 
last food source was greatly preferred than wheat (χ 2calc  =  25.0; 
P < 0.001) (Fig. 5B).
The highly polyphagous N. viridula, similar to E. heros, highly 
preferred soybean to wheat (χ 2calc = 100.0; P < 0.001); however, soy-
bean was less preferred than canola (χ 2calc  =  6.8; P  < 0.001); and 
canola was greatly preferred than wheat (χ 2calc = 64.0; P < 0.001) 
(Fig. 5B).
Discussion
The data here presented on the nymph and adult biology and pref-
erence of pest species of stink bugs on cultivated crop plants in the 
southern Brazilian neotropics, clearly indicate the variable suitability 
of the different food sources tested for their biology.
The great survivorship, greater body weight at adult emergency, 
and faster time of development of the so-called green belly stink bug, 
D. furcatus nymphs on soybean and on wheat than on canola, was, 
on soybean, to be expected, since the bug is known from a long time 
to successfully colonize the crop (Galileo et al. 1977, Panizzi et al. 
1977); however, on wheat, nymphs (late instars) are observed only 
occasionally (A.R.P., unpublished data), and seem not to colonize 
the crop in the field. On canola, nymphs were not found in the field, 
although laboratory nymphs were able to complete development on 
it (Bianchi et al. 2019). Euschistus heros showed the fastest time of 
nymph development, greater body weight at adult emergency, and 
greater nymph survivorship on soybean and on canola compared to 
wheat. This bug is known as the major pest of soybean in the neo-
tropics (Panizzi et al. 2000), and, has recently recorded as the most 
common species of pentatomid on canola in southern Brazil (Bianchi 
et al. 2019). Despite its polyphagy, it does not colonize wheat plants. 
Other species of Euschistus were recorded in canola (Bianchi et al. 
2019), and seems to become abundant in other areas, such as the 
North Central region of the United States (Pezzini et al. 2019). The 
extremely polyphagous N. viridula nymphs also performed better on 
soybean and on canola compared to wheat. This species is known to 
prefer plants in the families Fabaceae and Brassicaceae (Todd 1989), 
and not to colonize plants in the family Poaceae, at least, in the neo-
tropics (Smaniotto and Panizzi 2015).
Adult survivorship and total longevity, which was similar for 
D.  furcatus on all three food sources tested despite their different 
impact on the nymph biology, suggest that these adults are less sus-
ceptible to the variable suitability of foods, at least, for their minimal 
survival. For these polyphagous insects, some plants even not being 
preferred hosts may provide nutrients/water enough to maintain 
their functioning (see discussion on associated plants vs host plants 
for pentatomids in Smaniotto and Panizzi 2015, and Panizzi and 
Lucini 2017).
In the case of E. heros, greater adult survivorship and longevity, 
demonstrate that the preferred host, soybean, is superior than the 
other two plants tested. In fact, adults E.  heros do not occur on 
wheat. Their abundance on canola, as reported by Bianchi et  al. 
(2019), is a case of populations leaving winter shelters where they 
stay inactive, to obtain nutrients from an available plant when abi-
otic conditions (e.g., temperature and photophase) become favorable 
during late winter and beginning of spring.
For N. viridula, the tendency of greater survivorship on soybean 
was to be expected, since this plant is a preferred host (Todd 1989, 
Panizzi 1997); however, total longevity was similar to that observed 
on wheat and canola. These results might be due to the fact that, in 
the neotropics, and particularly in Brazil, populations of N. virid-
ula are showing poor performance in the laboratory (see discussion 
ahead). It has been demonstrated that it is occurring a decline in the 
populations of this species in the field (Panizzi and Lucini 2016).
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Fig. 4. Adult body weight (mean ± SE) change (%) of adult (female + male) 
Dichelops furcatus, Euschistus heros, and Nezara viridula in the laboratory 
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sources followed by the same letter are not significantly different using Tukey’s 
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The greater reproduction of D. furcatus on soybean and wheat 
than on canola further demonstrates that the former two food plants 
are more suitable. Data on wheat with a lower reproduction than 
on soybean is in agreement with data on the poor nymph biology 
on this food source. In the field, it might occur low reproduction as 
observed in the laboratory test, which explains the eventual occur-
rence of late instars feeding on wheat seed heads.
The reproductive performance of E.  heros greater on soybean 
than on wheat or canola is well understood, as its superior biology 
on the former plant has already been known (Villas Bôas and Panizzi 
1980). Interesting to point that the less preferred plants that allow 
some reproduction might play an important role in the phenology of 
populations, and this, often times, is underestimated (Panizzi 2000).
The somewhat low reproduction of N. viridula on its preferred 
host plant, soybean, and no reproduction on canola, on which plant 
it is known to reproduce in the neotropics (Dias 1992), further sug-
gest that the strain of this stink bug in the neotropics is showing poor 
vitality. Our data plus reports on the poor performance of N. virid-
ula in other laboratories elsewhere (Miguel Borges in Brasília, DF, 
and Daniel Sosa-Gomez, in Londrina, PR, personal communication 
to A.R.P.) reinforce this suspicion.
Adult fresh body weight gain, similar to other parameters measured, 
demonstrates that for D. furcatus, soybean and wheat are more suitable 
than canola. For E. heros, soybean was better than the other two food 
sources, and for N. viridula body weight gain was minor and similar on 
the three food sources, due to the poor quality of the bugs, as previously 
discussed. Despite the criticism that body weight gain may not be that 
Fig. 5. Preference ratios (%) of Dichelops furcatus, Euschistus heros, and Nezara viridula in the laboratory on different combinations among immature reproductive 
structures of cultivated plants. Tests conducted using the olfactometer (A); and tests conducted using plastic cages (bugdorms) for dual comparisons (B). *** 
Significant different (P < 0.001); ** significant different (P < 0.05); *significant different (P < 0.01); and ns non-significant different using Pearson’s χ 2 test (χ 2).
Table 2. Select nutritional and potential allelochemicals contents 
of seeds of the plant species used in the present study
Nutrients/allelochemical Soybean Wheat Canola
Nitrogen (% dw) 37.01 12.01 21.01
Lipids (% dw) 17.01 2.01 48.01
Carbohydrates (% dw) 26.01 75.01 19.01
Saponin Yes2 No3 No2
Hydroxamic acid (DIMBOA) No4 Yes4 No4
Nonprotein aminoacids Yes5 Yes6 Yes7
Protease inhibitors Yes8 Yes9 Yes10
1Bewley and Black (1985); 2Leming and Lember (2005); 3Calvert and 
Yeates (1982); 4Wouters et al. (2014), 5Kuo et al. (2004), 6Jennings and Mor-
ton (1963), 7Kolosej et al. (2017), 8Duffus and Slaughter (1980), 9Srikanth and 
Chen (2016), 10Ceciliani et al. (1994).
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meaningful (bugs lose weight after oviposition and gain weight after 
feeding), they do provide information on food source quality.
The results on the adult preference tests, confirm the data on the 
nymph and adult biology. Volatiles released by plants do influence the 
stink bugs behavior to locate the plants (e.g., Guarino et al. 2017 and 
references therein). However, as we used plant cuts for both preference 
tests (olfactometer and bugdorm test) and that the profiles of volatiles 
may differ from those of the whole plants, data should be taken into 
consideration with care. Despite the polyphagy of the three species, 
with N. viridula been the most polyphagous, the overall analysis of 
data suggests: soybean is the most suitable food in general, for all three 
species of bugs; wheat is the second most suitable food for D. furcatus, 
and, for N. viridula, besides soybean, canola is the second choice.
Data on the nutritional quality of the reproductive structures of 
the plants tested (data presented in Table 2 is of mature seeds) in-
dicates that soybean is the most suitable food based on the major 
nutrient, that is, nitrogen; it also has relatively high amounts of lipids 
and carbohydrates. The least suitable food source, wheat, has the 
least amount of nitrogen, is poor on lipids, and in addition carries 
the hydroxamic acid (DIMBOA), known as key defense chemical 
of cereals (Niemeyer 2009). Other selected allelochemicals present 
(Table 2) may also play a role affecting the stink bugs biology, but 
to a lesser extent.
In conclusion, these laboratory studies coupled with field obser-
vations indicate that, in the southern Brazilian neotropics, soybean 
cultivation during spring/summer followed by wheat and canola in 
the fall/winter form a ‘green bridge’ linking the food resources to 
maintain and increase the populations of these pest species D. fur-
catus, E.  heros and N.  viridula studied. Soybean plays the major 
role, due to its greater abundance and better suitability, followed by 
wheat, with canola playing a minor role, due to its more restricted 
abundance. Despite the variable abundance and suitability of these 
crops to the different species of stink bugs, they provide conditions 
for them to succeed during most of the year.
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